1 , S t e v a n J a s n i ã 1 ABSTRACT: Rhizoctonia solani (Kühn) is one of the most important sugar beet pathogens. Rhizoctonia solani anastomosis groups (AGs) 2-2 and 4 are proven to be the most common pathogenic strains on sugar beet. AG 2-2 (intraspecific groups IIIB and IV) can cause root and crown rot while damping-off of seedlings is most frequently attributed to AG 4. Four isolates of R. solani from sugar beet roots showing characteristic crown and root rot symptoms, collected from different localities in Vojvodina Province, were chosen and compared to the well-characterized R. solani isolate R9, AG 2-2 IV, from the USA. All Vojvodinian isolates showed medium level of pathogenicity and were able to cause crown and root rot symptoms on inoculated sugar beet roots. Based on anastomosis reaction, isolates from Vojvodina did not belong to the AG 2-2 group. Sequencing of the ITS (internal transcribed spacer) region of ribosomal DNA was performed on the Vojvodinian isolates from R9 in order to determine their relatedness. Sequence analysis showed that these isolates were different than R9 and were closely related (99-100% sequence homology) to anastomosis group 4, subgroup HG II.
INTRODUCTION
Rhizoctonia solani Kühn, teleomorph Thanatephorus cucumeris (Frank) Donk is a soilborne fungus with a worldwide distribution. In the USA more than 24% of acres planted with sugar beet have an economic damage from this pathogen, while in Europe only 5-10% of the planted area is considered to have economic losses from this pathogen (J a c o b s e n, 2005). There are no data about economic damages of Rhizoctonia crown and root rot in Vojvodina (J a s n i ã et al., 2006) . However, this fungus was isolated from 0-18.2% of beets showing root rot during the period from 2000 to 2005 (S t o j š i n et al., 2006) . This specy is highly heterogeneous and produces damping-off, root rot and foliar blight symptoms on many plant species. Rhizoctonia is typically a sterile fungal genus and has been characterized by division into binucleate and multinucleate groups. Rhizoctonia solani is multinucleate and on the basis of hyphal anastomosis between different isolates, it is divided into 14 anastomosis groups: AG 1-13 and AG BI (C a r l i n g et al., 2002) . Groups -1, -2, -3, -4, -6, -7, -8 and -9 are additionally divided into subsets (intraspecific groups) based on their morphological characteristics, frequency of hyphal fusion, virulence, host range, nutritional requirements, biochemical characteristics, thiamine requirement, pectic isozymes, fatty acids and molecular characteristics ( C a r l i n g et al., 2002; G u i l l e m a u t et al., 2003) . On sugar beet, this fungus causes damping-off, root, and crown root as well as foliar blight of sugar beet. According to W i n d e l s and N a b b e n (1989) R. solani anastomosis groups -1, -2-2, -4 and -5 can cause damping-off of sugar beet. Additionally, AG 3 and AG 5 were isolated from sugar beet with symptoms of dark discoloration on petiole basis (W i n d e l s et al., 1997). The causal agent of Rhizoctonia crown and root rot of sugar beet is typically characterized as belonging to AG 2-2 with individual isolates being placed into intraspecific groups IIIB and IV. Both of these intraspecific groups are found worldwide, although AG 2-2 IIIB is more common on sugar beet in Europe in rotation with maize (J a c o b s e n, 2005). Recently, besides the system of anastomosis grouping of R. solani isolates based on hyphal fusion, different molecular methods have been developed and proven to be very useful for analysis of the evolutionary homology between isolates in the R. solani complex. Genetic heterogenicity between, and within anastomosis groups was evaluated by F en i l l e et al., 2003, using sequence analysis of the internal transcribed spacer (ITS) region of the ribosomal DNA. Comparison of the ITS region is significant not only for the determination of anastomosis groups, but these sequences are also useful for verifying subsets. Polymorphism between AGs was revealed in the ITS1 and ITS2 sequences of ribosomal DNA, while 5.8s rDNA sequence is comletely conservative across all AGs (K u n i n a g a et al., 1997).
In this study, the ITS region of four R. solani isolates, which originated from sugar beet root with typical symptoms of crown and root rot, was analysed in order to determine sequence variations between the isolates, and to identify the anastomosis group and subset of examined isolates.
MATERIALS AND METHODS
Four isolates of Rhizoctonia solani: RhKZ, RhBG, RhGL and RhVR were isolated from the sugar beet plants with typical symptoms of Rhizoctonia crown and root rot in Vojvodina Province. These isolates were pathogenic on the susceptible sugar beet variety Delta (B u d a k o v et al., 2006) , and caused characteristic crown and root rot symptoms.
Characterization of the isolates. Isolates were checked for number of nuclei by staining mycelia with safranin-0 and observed microscopically at 400X (B a n d o n i, 1971). Anastomosis tests were performed using the method which was set up by L i u and S i n c l a i r (1991). Before microscopic examination, samples were dyed with cotton blue in dilute lactophenol (P a rm e t e r et al., 1969 ). These isolates were tested for anastomosis with determined culture of Rhizoctonia solani, which was isolated from sugar beet in the USA and belonged to AG 2-2 IV. Hyphae were checked in, at least, 15 microscopic fields at a magnification of 400X, while anastomosis was rated at 600X (V i c o, 1997). Examination of the reaction between hyphae was categorized according to C a r l i n g (1996) - DNA isolation. Prior to DNA extraction, R. solani isolates were cultured on potato-dextrose agar (PDA, Difco Laboratories, Detroit, MI) at 25°C for 4-5 days. The mycelium was harvested by removing excess of the solid media using steril scalpel and then ground up in liquid nitrogen. DNA was extracted from 100 mg of ground fungal tissue using the E.Z.N.A. Fungal DNA Kit (Omega Bio-Tek Inc., Lilburn, GA, USA) and following the protocol recommended by the manufacturer.
PCR amplification. The ITS region of the rDNA was amplified using ITS 1F and ITS 4 primers ( Table 2 ). The PCR reaction was performed in 50 ml total volume consisting of 25 ml of PCR Master Mix (Promega Corporation, Madison, WI, USA), 5 ml of MgCl 2 , 2 ml of each primer (concentration 10 pmol/ml), 2 ml of DNA template and 14 ml of PCR Grade water. The amplification was performed in PCR thermal cycler (Whatman Biometra, Goettingen, Germany). The cycle parameters were as follows: an initial denaturation at 95°C for 2 minutes, followed by 38 cycles consisting of denaturation at 95°C for 1 minute, annealing at 55°C for 45 seconds, and extension at 72°C for 1 minute. Final extension was at 72°C for 5 minutes. Following the PCR reaction, the amplified products were loaded in a 2% agarose gel stained with ethidium-bromide, together with 100 bp DNA marker (Promega Corporation, Madison, WI, USA). Before loading, both samples and marker were dyed with Blue/Orange 6X Loading Dye used for tracking migration during electrophoresis. Electrophoresis was run at 80 V for 2 hours. The DNA bands were visualised using a AlphaImager 2200 Imaging System (Alpha Innotech Corporation, San Leandro, CA). DNA sequencing. After the amplification of the ITS region of the rDNA, each product was purified using the QIAquick PCR Purification Kit and protocol (Qiagen Inc., Valencia, CA, USA). The purified rDNA was shipped by overnight mail to DNA Sequencing Facility at University of California, Berkeley where isolates were sequenced.
Data analysis. ITS sequence analysis was performed using on-line softwares CLUSTAL W and BLAST via http://www.ncbi.nlm.nih.gov, www.bioservers.org. CLYSTAL W is a multiple sequence alignment program which calculates the best match for the selected sequences, and lines them up so that similarities and differences can be seen. The Basic Local Alignment Search Tool (BLAST) finds regions of local similarity between sequences. The program compares nucleotide sequences to the sequence databases and calculates the statistical significance of the matches. BLAST can be used to infer functional and evolutionary relationships between sequences, as well as to identify the members of the gene families. Sequence database from the National Center for Biotechnology Information (NCBI), which was downloaded from http://www.ncbi.nlm.nih.gov, was used for sequence information on selected R. solani isolates ( 
RESULTS

Anastomosis reaction.
Rhizoctonia solani isolates RhKZ, RhBG, RhGL and RhVR were multinucleate and did not anastomose with a well-characterized isolate R9, AG 2-2 IV, from the USA (Figure 1.b) . However, isolates RhKZ, RhBG, RhGL and RhVR anastomosed with each other (Figure 1 .a) indicating that they belonged to the same anastomosis group (Table 4 Gel elecrophoresis. After PCR reaction, the presence of amplified products were tested by running an agarose gel in TAE buffer. DNA bands were approximately 740-750 base pairs long (Figure 2) . rDNA sequence analysis. Sequencing of rDNA of isolates RhKZ, RhBG, RhGL and RhVR showed that sizes of the ITS region varied from 713 to 716 base, pairs and their sequences were identical (100%) in the ITS region. Similiarity of the ITS region of Vojvodinian isolates and the American isolate R9 (AG 2-2 IV) was 93%. The ITS sequences of 31 isolates of R. solani, which belonged to AG 1-12 and AG BI were recovered from the GenBank (Table 4) . The comparison between sequences registered in GenBank and sequences of Vojvodinian tested isolates showed that all isolates had sequence homology between 90 and 100% with the referent isolates (Table 5) . ITS sequences of the tested isolates showed 100% complementarity with representative of anastomosis group 4, intraspecific group HGII. 
DISCUSSION
The present study shows that ITS sequencing is a powerful tool in understanding and determinating the relationship between anastomosis groups and subgroups of R. solani. Techniques which rely on molecular markers are very important in understanding R. solani complex because they are more accurate, easier and more rapid than conventional techniques for determining anastomosis group. The aim of the research was to analyse the less conserved part of the rDNA region, since it is proven that 5.8s rDNA sequence is completely conserved across all AGs, whereas the ITS1 and ITS2 rDNA sequences show significant differences between AGs (F e n i l l e et al., 2003). The sequence homology in the ITS regions is above 96% for isolates of the same subgroup, 66-100% for isolates of different subgroups within an AG, and 55-96% for isolates of different AG (K u n i n a g a, 1997). The four isolates from Vojvodina Province which were isolated from sugar beet root with symptoms of crown and root rot, were shown to belong to AG 4 HGII, with ITS sequence homology with referent AG 4 HGII isolates of 100%. In general, AG 4 isolates are known to be pathogenic on wide variety of hosts (K u n i n a g a, 1997), among which is sugar beet (W i n d e l s and N a b b e n, 1989). AG 4 HG-II is pathogenic on soybean seedlings, causing damping-off and hypocotyl rot ( F e n i l l e et al. , 1996) . Analysis of the ITS region of ribosomal DNA has proven in this instance to be an excellent tool for the identification and determination of R. solani, on the level of anastomosis group and subset. Since conventional methods for assigning AGs, such as observation of hyphal anastomosis, can be complicated, time-consuming and subjective, PCR assays provide a more accurate and rapid detection. This research shows the importance of identifying the correct AG of R. solani associated with crown and root rot of sugar beet, since the host range of AG 2-2 IIIB and IV are much different than AG 4 (S n e h et al., 1991; W i n d e l s and N a b b e n, 1989). AG 2-2 has a reported host range that includes sugar beet, bean, soybean, corn, rice, mat rush, turf grasses, ginger, gladiolus, burdock, chrysantemum, konjack and chinese yam, whereas AG 4 has a host range that includes sugar beet, tomato, pea, spinach, potato, slash and lobolly pine, and snap bean. These differences can affect the recommended crop rotations used to control partially the crown and root rot disease of sugarbeet. For example, potato would be a host for AG 4, but not AG 2-2. 
Rezime
Rhizoctonia solani (Kühn) je jedan od najvaÿnijih patogena šeãerne repe. Poznato je da su anastomozne grupe (AG) 2-2 i 4 najpatogenije na šeãernoj repi. AG 2-2 (intraspecifiåne grupe ¡¡¡B i ¡¢) mogu prouzrokovati truleÿ korena i glave šeãerne repe, dok je paleÿ i propadawe klijanaca karakteristiåno za AG 4. Odabrana su åetiri izolata R. solani izolovanih sa korena šeãerne repe sa karakteristiånim simptomima mrke truleÿi i koji su poreklom sa razliåitih lokaliteta u Vojvodini. Ovi izolati su uporeðeni sa R. solani izolatom R9, AG
